Summary &mdash; The attraction responses of differently aged worker bees to queen pheromonal blends were studied in a 4-field airflow olfactometer. The effects of the nature of the queen signal &mdash; either the synthetic mixture shown to be behaviorally active by Slessor et al (1988), or a queen-head extract -, and the rearing conditions were investigated. The composition of the queen-head extract with respect to the constituents of the synthetic blend was chemically analyzed, and differences in amounts of components were discussed. Olfactory-based behavioral responses were elicited by both pheromonal signals; the queen-head extract induced higher responses than the synthetic mixture, the youngest bees of < 5 d old being the most responsive. Similar responses were found in queenless caged bees and in bees reared in a hive, suggesting that attraction to the queen was probably not influenced by prior experience, at least when deprivation to the queen signal occurred after emergence. Electroantennogram responses to the queen signals were recorded concurrently. Olfactory sensitivity was higher to the queen-head extract than to the synthetic pheromone, and was not age-dependent for the age groups tested. No correlation between the maturation of antennal responses and the maturation of behavioral responses was found.
INTRODUCTION
In the honeybee Apis mellifera L, chemicals mediate crucial behaviours such as the search for food sources guided by plant aromas and intraspecific interactions based on pheromones. Among pheromonal signals, queen pheromones appear to play a major role in colony organization. A queen pheromone is known to inhibit the development of worker bee oocytes (Butler, 1954; Pain, 1954) , attract males to virgin queens (Gary, 1962) , stabilize swarms (Butler, 1960; Simpson and Riedel, 1963) , and inhibit queen rearing (Butler, 1954) . It also induces the retinue behaviour described as the attraction of a group of worker bees surrounding the queen, antennating, licking and feeding her (Rösch, 1925; Allen, 1955) . Although age specialization in tasks among worker bees may be rather flexible according to the amount of brood or food stores, or under stress conditions (Free, 1965; Winston and Fergusson, 1985 ; Kolmes and Winston, 1988) , the retinue behaviour seems to occur at a particular moment in the age polyethism schedule. Workers attending a queen may be of various ages; however, from convergent data it appears that young workers of an age ranging from 1-6 d are mainly involved (Sakagami, 1953; Allen, 1960; Seeley, 1982) .
The retinue behaviour has been reproduced under natural conditions in the hive (Gary, 1961;  Simpson, 1979) and in cages under laboratory conditions with queenlike signals (Pain, 1961; Pain et al, 1962; Pham et al, 1982) or Petri dishes . Experiments using laboratory tests have shown an age effect in the response of age groups of worker bees to queen extracts, the strongest response occurring for 1-5-d-old bees (Pham et al, 1982 ; Pham-Delègue et al, 1991) .
The queen signal is a complex chemical blend secreted by several glands such as the mandibular glands (Butler and Simpson, 1958) , the Arnhard glands on the tarsi (Lensky and Slabezki, 1981) and the tergal glands (Butler and Simpson, 1965) , the mandibular secretion being particularly active in eliciting retinue behaviour (Gary, 1961; Slessor et al, 1988) . From chemical analyses of the queen secretion it is known that it is a complex blend, made up of a large number of components (Callow et al, 1964; Boch et al, 1979; Slessor et al, 1988) , fluctuating according to the individuals (Pain et al, 1967) , their genetic origin (Crewe, 1982) , their physiological stage &mdash; virgin or mated &mdash; (Crewe and Velthuis, 1980; Slessor et al, 1990) , and their age (Crewe, 1982; Slessor et al, 1990) . It has been shown that the pheromonal blend includes a volatile fraction that might partially or completely elicit worker bee responses (Pain, 1961) . Recently, a synthetic blend of 5 components has been shown to mimic the activity of the queen blend in eliciting retinue behaviour in worker bees (Slessor et al, 1988) . These (Sakagami, 1958 (Blaney et al, 1986) . Vareschi (1971) (Masson and Arnold, 1984; Allan et al, 1987) . From (1988, 1990) provided by Phero Tech Inc Company. According to the data of Slessor et al, queen-equivalent contained 150 &mu;g (E)-9-keto-2-decenoic acid (9ODA), 55 &mu;g (+) and (-) (R)-9-hydroxy-2-decenoic acid (9HDA), 13 &mu;g methyl p-hydroxybenzoate (HOB), 1.5 &mu;g 4-hydroxy-3-methoxyphenylethanol (HVA), ie 220 &mu;g active material.
Chemical analysis
To allow a comparison between the queen stimuli used in the experiments, the constitutive components of the synthetic mixture were dosed in the natural extract. The extract was dried under nitrogen flow. Derivatization was obtained by the addition of 50 &mu;l dichloromethane and a 50-&mu;l mixture of bis-(trimethylsilyl)-trifluoroacetamide (BSTFA) and 1% trimethylchlorosilane (Sigma) left to react for 3 h at room temperature. The sample was then dried under nitrogen flow and solubilized in 100 &mu;l standard solution (0.1 mg hexadecane/ml dichloromethane). The target constituents were quantified by gas chromatography (GC). The gas chromatograph (Carlo-Erba 2000) was complete with an on-column injector, a flame ionization detector, and a HT5 column (SGE, 25 (Petterson, 1970) and for parasitoid insects (Vet et al, 1983 ) and adapted to honeybees (Pham-Delègue, 1990a) (Crewe and Moritz, 1989) . Amounts of HOB have also been reported to be much higher in mature laying queen than in virgin queens (16 &mu;g versus 0.4 &mu;g) ). Compared to the data of Slessor et al (1988, 1990) , it appeared that the amount of 9ODA in our extract was about twice that in the synthetic pheromone (150 &mu;g), whereas the amount of 9HDA detected in the extract was &ap; 3-fold lower than that reported by Slessor et . It is also consistent with the age effect reported for experimental bees reared under the same conditions in the present study and stimulated with the same kind of queen-head extract, but tested in a bioassay allowing contact with the queen lure (Pham et al, 1982) . This suggests that the age dependency in the response of worker bees to the queen signal may partially be an olfactory-based response. However, these results are in contradiction with those of Kaminski et al (1990), which did not show an age effect in a bioassay allowing contact with lures prepared with the synthetic mixture. This is probably not related to the synthetic stimulus used, since our experiments showed that attraction response could be elicited by both a head extract and the synthetic mixture, although the queen extract was more effective. It may rather rely on the fact that in the bioassay designed by these authors, groups of mixed-age worker bees were tested to be closer to the hive situation, whereas in previous experiments showing an age effect, a similar bioassay was used but with groups of bees of exactly the same age (Pham et al, 1982) . Since it appeared from experiments on recruiting behaviour that bees of the same age class seemed to interact together more than with bees of other age classes (Pham-Delègue et al, 1990b) , it can be hypothesized that interindividual relations may differ markedly according to the age of the individuals interacting. Therefore, we may assume that an attraction effect would appear more clearly in homogeneous age groups rather than in mixed age groups. This kind of interaction between individuals of the same age may also occur within the hive, where it is known that bees of similar ages are involved in retinue behaviour (Seeley, 1982) . Thus, testing homogeneous age groups to determine an age effect in the attraction response to the queen signal would be an appropriate procedure.
The age effect in the attraction response to queen signals although consistent with data reported from hive observations (Sakagami, 1953; Allen, 1960; Seeley, 1982) (table II) Here, 5 age-groups spread over the lifespan of the worker bees set up with bees either from a rearing hive or maintained queenless in cages were tested for their reaction to the queen-head extract.
When considering the number of individuals spending > 25% of the observation duration in the odor field, a significant attraction (P < 0.05) to the queen extract was found in all age groups for hive bees, (Gascuel and Masson, 1987) , as well as in olfactory sensitivity (Masson and Arnold, 1984 (Robinson, 1987) . This author suggested that the hormonal effects inducing behavioural changes may occur in the central nervous system and not at the level of antennal receptors.
In conclusion, this study indicates a maturation process in olfactory-mediated behavioural responses of worker bees regarding both a queen extract and a synthetic mixture shown to be active in eliciting retinue behaviour. The changes with age in behavioural responses are consistent with the polyethism of tasks within the hive, the bees of < 6 d being more likely to attend the queen (Sakagami, 1953; Allen, 1960; Seeley, 1982) 
